Summary.-Urban/rural breast-cancer incidence ratios in the state of Iowa for 1950 and 1969-71 were contrasted with corresponding urban and rural distributions of age-at-first-birth and population nutrition, variables measured 15 years before each morbidity survey and putatively related to breast-cancer incidence. Over the study interval, the decline in the urban/rural breast-cancer incidence ratio correlated better with changing nutritional patterns than with changing age-at-first-birth.
hutman breast cancer remain unknown. Despite this, experimental and observational studies have established or suggested biological and epidemiological factors which may be associated with breastcancer incidence, including family history, menstrual and reproductive events, nutrition and X-irradiation (Papaioannou, 1974) . One correlate of breast-cancer risk, well-established in several countries, is the association of lower risk with early age-atfirst-birth (MacMahon et al., 1970) . However, differences between nations in ageat-first-birth in female populations do not explain the striking international differences in breast-cancer incidence (Yausa & MacMahon, 1970) .
In an attempt to find environmental correlates of these disparate international incidence rates, investigators have examined differences in consumption of various foodstuffs, particularly animal fat, protein and refined carbohydrates, and have discovered significant positive correlations with breast-cancer mortality (Berg, 1975; Hems, 1970; Howell, 1975) . Whilst these associations do not prove causality, the nutrition hypothesis appears to be plausible (Berg, 1975) .
In the past, one of the striking intrapopulation contrasts in breast-cancer incidence has been the excess in urban over rural incidence, both in the United States (Haenszel et al., 1956 ) and elsewhere (Pedersen, 1975; The Registrar General, 1975; Clemmesen, 1965 Clemmesen, , 1974 . More recently, however, this gap in the United States has narrowed or disappeared (Connelly, 1977, unpub.) . In this report, we contrast the secular trend in the urban/ rural breast-cancer incidence ratio in the state of Iowa, U.S.A., with similar population-based trends in age-at-first-birth and nutritional data from available historical sources to gauge the relative importance of each factor in the changing breast-cancer incidence. Apart from studying total breast-cancer incidence, cases are also considered separately in selected age groups: "premenopausal" (ages 35-44) and "postmenopausal" (ages 65-74) as there is evidence that cancer in these groups behaves somewhat differently both biologically and epidemniologically (Hems, 1970 ).
METHO1DS
Breast-cancer incidence rates in this report are derived from two Iowa statewide cancerReprint requests and correspondenice to J. P'avlega, Institute of Oncology, Garncarska 11, Krak6w, Poland. incidence surveys, the first in 1950 (Haenszel et al., 1956) , the second in 1969-1971 as part of the Third National Cancer Survey (Connelly, unpub.; Cutler et al., 1974 Under the assumption that events most important to breast-cancer incidence would occur several years before the clinical onset of disease, age-at-first-birth and nutritional intake were selected for 15 years before each respective morbidity survey. It is recognized that the selection of a 15-year interval is arbitrary, but this takes advantage of existing agricultural nutrition surveys. Further, though the population mobility of Iowans is low by U.S. national standards, this interval tends to limit the confounding effect of geographic migration on study results.
To determine the age distribution of primiparous mothers, direct birth-record sampling from state archives was conducted for the years 1935 and 1955. Since urban vs rural residence within a county is not available from the records, urban data were derived by sampling Polk County (Des Moines and environs, 9300 urban) and rural data from 4 randomly selected counties (Van Buren, Mitchell, Butler and Plymouth) which are predominantly or totally rural by census definition.
Nutritional data are most difficult to obtain, and figures for comparative intakes, either between places or over time, must be viewed cautiously. The best available sources seemed to be surveys which documented "consumption" of various foods indirectly by measuring the foodstuffs taken into the kitchen for preparation. This method has given useful data on secular trends in diet (Gortner, 1975) though more direct surveys are now made. In this report, urban/rural ratios of consumption of total calories, protein, fat, and sugars and sweets are obtained from random household surveys of North Central United States, which includes Iowa, for 1936-37 (USDA, 1941 ) and 1955 (USDA, 1957 . These data were collected over a 7-day period and summarized for household without presenting age-or sexspecific rates. Table I overall, breast-cancer incidence was greater in urban areas in both surveys, but owing to a decline in urban and an increase in rural rates in the inter-survey interval, the urban excess declined from 25 to 6%. For both the pre-and postmenopausal age groups, the urban incidence rates either declined or remained unchanged while the rural rates increased. 1950 and 1970 in Iowa, the urban/rural breastcancer incidence ratio declined from 1P25 to 1-06, owing both to a decrease in the urban and an increase in the rural rates. This was true for both pre-menopausal and post-menopausal cases. Since early ageat-first-birth has been shown to be correlated with relative protection from breast cancer in a wide variety of populations in many different countries, we examined age-at-first-birth in urban and rural Iowa in 1935 and 1955, 15 years before each incidence survey. In the 20-year interval, age-at-first-birth decreased in both urban and rural areas. These changes would predict a declining breastcancer incidence rate in both urban and rural residents but in rural women breastcancer rates increased, contrary to expectation, and other explanations must be sought.
RESULTS
Some potential methodological problems in interpreting our results should be mentioned here. The increasing rural breast-cancer incidence rates are unlikely to be substantial because of improved access to medical care as urban/rural incidence ratios are mirrored in mortality studies and, in any case, this would not explain decreasing urban rates. Also, we cannot rule out that changing urban/rural cancer ratios might be due to preferential rural-to-urban migration of women at low risk of breast cancer. To our knowledge, no one has offered evidence of this. Changing fashions in the histological interpretation of breast lesions over the study interval could not explain the opposite trends in urban vs rural incidence. Finally, despite the increase in the proportion of younger primiparous women from 943 1935 to 1955 in rural areas, a decrease in breast cancer would not be expected if there had been declining fertility rates in that age group. In fact, over that period fertility rates increased dramatically, particularly in the post-World War II era.
Thus, whilst the lower risk of breast cancer associated with early age-at-firstparity has been shown in numerous epidemiological studies of individual populations (Thomas & Lilienfield, 1976) it does not appear to explain any of the variation in breast cancer rates among different countries (Yausa & MacMahon, 1970) or the urban/rural secular trend in our Iowa population. One possible explanation for this discrepancy, consistent with our findings, is that the influence of age-at-first-parity on incidence of breast cancer is slight relative to that of population nutrition. Risk of breast cancer among nations is correlated with a high fat intake (Wynder et al., 1960; Dresar & Arving, 1973) , sugar consumption (Howell, 1975; Dresar & Arving, 1973) , and among post-menopausal women, increased body mass (De Waard & Baanders-Van Halewijn, 1974) . The unbalancing effect of dietary fat on mammary tumorigenesis in experimental animals has been demonstrated (Carrol, 1975; Hill et al., 1977) . Our results suggest that changes in urban/rural dietary fat and sugar consumption correlate in a general way with changing urban/rural breast-cancer incidence ratios, which is consistent with the nutritional hypothesis. We believe this is the first evidence relevant to urban/rural nutrition differences and breast cancer within a population.
Hypotheses relating breast cancer to nutrition as well as to menstrual and reproductive variables may not be incompatible. Early age-at-menarche in most studies is a risk factor for breast cancer (Thomas & Lilienfeld, 1976) . In presence of proteincalorie malnutrition, menarche appears to be deferred (Driezen et al., 1967) . The relationship between nutrition and fertility is complex, as the latter is dependent on the many biological, cultural, and sociodemographic characteristics of a population. Many developing countries with diets low in fat and with evident malnutrition problems also have early marriage and coition, and high fertility rates (Llewellyn-Jones, 1974) . In contrast, there is evidence that within industrialized nations, couples tend to defer births when economic conditions are poor and have them when conditions are more favourable (Kiser et al., 1968) . Economic conditions in the United States since 1935 have generally improved, which is consistent with this latter observation.
In conclusion, it appears that in Iowa the secular trend in breast-cancer incidence, decreasing in the urban areas and increasing in the rural areas, is more closely related to changes in diet than to age-at-first-parity, and supports the nutritional hypothesis of breast-cancer risk. It is possible that other, as yet undefined, factors are responsible for the changing urban/rural trends noted here and elsewhere (Pedersen, 1975; Registrar General, 1975; Clemmesen, 1965 Clemmesen, , 1974 . The nutritional evidence to date is more ecological than experimental and is by no means proven. No other plausible aetiological explanations have, however, been offered to explain population differences. For example, familial and genetic factors may be important, but migration studies suggest they may not explain international differences (Thomas & Lilienfeld, 1976 
